The present study was designed to elucidate changes in physiological and blood parameters of indigenous sheep during cyclic heat exposure. Twelve 2-4 year-old sheep with an average body weight of 10.5±0.5 kg were randomly allocated to one of three experimental heat treatments: control (21°C, stall feeding), short term (21°C to 32°C; 32°C for 4 h/d, grazing), and long term (21°C to 32°; 32°C for 8 h/d, grazing).The results have shown that sheep exposed to cyclic heat treatments exhibited higher (P=0.05) rectal temperature, body temperature, and respiratory rate compared to the control group. Cyclic heat treatments significantly decreased heart rate of sheep. There was a sharp reduction in rumination and an increase in time spent by sheep in eating during cyclic heat treatments. Long term heat treatment significantly increased RBC and WBC counts, PCV values, and hemoglobin level than that of the control and short term heat treatments. Similar responses were also observed in plasma glucose, uric acid, aspartate aminotransferase, and blood urea nitrogen levels. These results suggest that short term heat stress is tolerable but long term is physiologically detrimental to them to indigenous sheep.
Introduction
Heat stress is an important determinant in the intensive animal production system, particularly in tropical and sub-tropical countries. Productivity and animal welfare significantly compromised due to heat stress in the animal agriculture in many regions of the world. Heat stress not only causes physiological dysfunctions leading to suffering and death in the animals but also reduces performance and profitability. Generally, three categories of heat stress such as chronic, acute and cyclic are prevailed in hotter regions of the world. Chronic one is a non-lethal stress that can be applied for long period of time. However, acute one results in hyperthermia and can lead to However, under stressful conditions, the above mechanism is less effective. Therefore, animals must rely on evaporative cooling mechanisms from the skin and the respiratory tract.
The relationship between heat stress and growth or reproductive performance is well documented (Abouheif and Alsobayel 1983 
Statistical analysis
Values are given as means ± standard error of mean. Duncan's multiple-range tests were applied to assess the significance of differences between means. All analyses were performed with the aid of the GLM procedure of SAS software (SAS, 1985) . Table 1 showed the effect of heat stress on physiological traits in sheep . Sheep exposed to short and long term cyclic heat stress significantly (p<0.05) increased rectal temperatures, body temperature, and respiratory rate when compared to the control group. On the other hand, both short and long term cyclic heat treatments significantly (p<0.05) decreased heart rate as compared to their counterpart. Changes in blood constituents are presented in Table 3 . Blood cellular components such as RBC count, WBC count, PCV value, and hemoglobin level were higher (p≤0.05) in long term cyclic heat treatment than that of the control and short term heat treatment. Short term cyclic heat treatment did not show any change in blood constituents compared to the control group.
Results
The plasma glucose, uric acid, aspartate aminotransferase, and blood urea nitrogen levels after long term cyclic heat treatment were significantly higher (p≤0.05) compared with control and short term heat treatment. Plasma potassium concentrations were decreased by long term heat stress. In contrast, there were no such changes occurred to any plasma parameters between control and short term heat-exposed sheep (Table 4) . 
Discussion
In mammals, respiration is directed at the elimination of CO2 from the tissues of the body and the provision of O2 Some novel findings reported that heart rate decreased in ruminant animals at stressful conditions, and there is a strong positive correlation between heart rate and metabolic heat production (Holmes et al. 1976; Barkai et al. 2002) . Animals strive to keep reduced metabolic heat production to minimize the heat load for maintaining normal body temperature. Therefore, the present findings showed that heart rate was decreased due to heat stress time dependently (Table 1) . It was postulated that heart rate decreased because the general effort of animal to decrease heat production. This reduction could be achieved by the animal either by intake reduction or by activity reduction or both (Aharoni et al. 2003) .
under thermo-neutral conditions, and evaporation of moisture from the respiratory tract and prevention of hypothermia under high ambient temperatures. Heat stress generally increased rectal temperature to irrespective of species, suggesting that animals have the ability to store body heat upon exposure to heat stress. Moreover, exposure to heat stress, animals' skin temperature significantly increased and the increase in body temperature may be responsible for the alteration in blood circulation system. Therefore, respiratory rate and rectal temperature might be useful tools to assess the adversity of the thermal environment. As expected, exposure to short or long term cyclic heat stress resulted in the elevation of rectal temperature (RT), skin temperature (ST) and respiratory rate (RR) ( Table I) Slight changes in the thermal environment could induce specific physiological responses in the digestive system, such as a decrease in blood flow to rumen (76% under severe stress and 32% under moderate stress), reduction of ruminal motility and reduction of rumination (Christopherson 1985) . The present study shows that eating time was significantly (p<0.05) increased in sheep when exposed to cyclic heat treatments compared to the sheep kept at control temperature. Cyclic heat treatments significantly decreased rumination time in sheep (Table 2) .
Similar results were reported by Mateus et al. (1992) .
Blood cellular components such as RBC counts, WBC count, PCV value, and hemoglobin level were higher (p<0.05) in long term cyclic heat treatment than that of the control and short term heat treatments. Short term cyclic heat treatment did not show any change in blood constituents compared to the control group. Long term cyclic heat treatment showed higher stressresponsive alteration in blood constituents compared to short term group, due to severity of heat treatment. These results are consistent with those of Zeidan and Abbas (2004) Heat stress markedly increased glucose, blood urea nitrogen, potassium, chloride, and aspartate aminotransferase levels of sheep (Srikandakumar et al. 2003; Bhattacharya and Uwayjan 1975; Nazifi et al. 2003) . The present study also showed that the plasma glucose, uric acid, aspartate aminotransferase, and blood urea nitrogen levels increased significantly (p<0.05) after long term cyclic heat treatment compared with control and short term heat treatments. Plasma potassium concentrations were decreased by long term heat stress. In contrast, plasma parameters did not differ between control and short term heat-exposed sheep (Table 4) Zagazig Veterinary Journal, 32: 37-48.
